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SECTION I

INTRODUCTION

Infrared detectors designed to operate in the low background

-s environments of space are required to survey celestial objects that

have effective surface temperatures of 25K to 300K, i.e. the 8-120

uim region of the infrared (IR) spectrum. In this report a model

for the assessment of the requirements for these types of IR

detectors is explored. The low background environments of space,

where the radiant background may be reduced by nine orders of mag-

nitude over endoatmospheric conditions, promotes high detector

sensitivities and also produces other unusual detector character-

istics which will be discussed. Extrinsic p-type gallium doped

silicon, with a peak wavelength of response at 15.0 pm, is of par-

ticular interest for low background applications.

To obtain high performance detectors, stringent control of

residual impurity concentrations and their compensation must be

achieved, while incorporating the maximum concentration of the

principal dopant. The residual impurities present are often of

" the same electrical type as the principal dopant, but with shallower

* -.- energies. Since, from systems considerations, it is desirable to

operate detectors at the highest possible temperature, while main-

taining high responsivities and detectivities, the concentration

of compensating impurities incorporated into the material must

exceed the sum of the concentrations of the shallow impurities, but

by as small an amount as possible. This overcompensation is also

required because of nonuniformities, of up to 20%, in the concen-

tration of residual acceptor impurities across a wafer. Under these

conditions the presence of these shallow impurities can have a

strong influence on the temperature dependence of the responsivity

which is primarily caused by the changing occupation of these

impurities with temperature.

Here we develop a theoretical model of the temperature depen-

dence of the responsivity and detectivity which takes into account

the presence of the shallow acceptor boron and the principal dopant

".°



gallium. We explore the behavior of this system under a variety of

.1 conditions of under, exact, and overcompensation of the boron level
in Si:Ga. Of particular interest is the behavior of such a detector

when the concentration of residual boron is reduced from 1013cm
- 3

to 1011cm-3 , under various conditions of compensation.

It is found that by reducing the residual shallow impurity, B,

considerable leverage is realized in detector performance. For
V example, the responsivity increases dramatically and just as

importantly the responsivity also becomes less sensitive to changes

in compensation. In the most practical sense, this means that when

material is being processed it can be intentionally overcompensated

to improve uniformity, from one detector to the next in an array,

while retaining more than adequate responsivity to detect weak
signals. Historically, overcompensation has been used as a brute-

force method for making devices uniform but often at the expense of

responsivity to the point where the mission could only be fulfilled

marginally. To illustrate the dramatic performance potential, it

is shown that a device with residual B of 10 11cm3 has a higher

responsivity with 4X overcompensation than does a device with

013cm3 B at its responsivity peak at 1X compensation. When the

10 13cm 3 device is overcompensated to 4X, its responsivity is over

100 times lower.

2!
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SECTION II

DETECTOR PARAMETERS

1. Introduction

The performance of a photodetector under the conditions of

IR photoexcitation is commonly characterized by the responsivity

and detectivity of the device. The current responsivity is defined

as the ratio of the signal current to the power of the incident

radiation and the detectivity as the signal-to-noise ratio per unit1
incident radiation power. The former parameter reflects the

efficiency of conversion of incident radiation into signal current

and the latter, the ability to extract the signal from the noise.
In addition to these two quantities the detector quantum efficiency

is also of importance, since it describes the efficiency of radia-

tion conversion into photoexcited carriers.

2. Quantum Efficiency

The quantum efficiency for a particular impurity species, i,

* present in a detector with parallel front and rear surfaces,

* separated by a distance d along the direction of the incident

radiation, is given by

(l-R) [l-exp (-aiN.d)]

ii
n1 Ui() =o ,(2.1)

, Il-R exp (-aiNid)

where R is the reflectivity of silicon, ar (X) the optical absorp-

tion cross section of the impurity species i, and N0 the concentra-

tion of the impurity, i, that is not ionized. For the case of weak

absorption in an optically thin material, i.e. a (X)Nd<<l, this
1

reduces to

ni(A) - ai(A)Nod . (2.2)

Thus a figure of merit for extrinsic photodetectors is a high value

of ai(A)Nod for the principal IR active dopant. Therefore, the

wavelength dependence of the quantum efficiency reflects the wave-

length dependence of the optical absorption cross-section.

, ,,.,
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3. Responsivity

If the bulk of photodetector is uniformly illuminated, then
the density of carriers throughout the bulk should be uniform. For

monochromatic light of wavelength X the incident power is given by
-, A ,c (2.3)

where # is the incident signal flux and A=tw is the area of the

detector exposed to radiation. The signal current is then given by

is  is A# #1 (2.4)

where js is the current density and A'=dw is the area normal to

the current's direction. For a p-type infrared detector the current
density becomes

is eap BE ' (2.5)

where e is the electronic charge, P the hole conductivity mobility,
ps the density of signal generated holes, and E the electric field
between the electrodes. The density of holes is given by the photo-
generation rate Anfls multiplied by the hole lifetime T and divided

by the volume of the detector V=twd

ps = An# sT/V ' (2.6)

where n is the quantum efficiency. The responsivity

R - Is/P , (2.7)

is related to the materials parameters through equations (2.3),

(2.4), (2.5), and (2.6) according to

R - H, nG 81 (2.8)

where G-r/Tr is the gain of the detector and Tr=X/pE is the holes'
transit time between electrodes. Equation (2.8) is the standard

expression for responsivity derived on the assumption of uniform
carrier generation throughout the bulk material.

4
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?U 4. Detectivity.-

The detectivity, D*, is based on the signal-to-noise ratio

of the detector and serves to delineate the limiting performance

of the detector. It is defined at a given wavelength by

D* = (I /IN ) /M /P , (2.9)8sN

where IN is the root-mean-square (r.m.s.) noise current and Af is

-. the bandwidth of the measuring electronic circuit. The noise

current is due to Poisson-statistics governed generation-recombina-

tion noise and is given by2

wr Iit= v4IBqGAf , (2.10)

where IB is the background photon and thermally generated current.
3

B

IB = A'ljqE (p opt+Pth). (2.11)

Popt and pth are the optical and thermal carrier concentrations

respectively. Combining equations (2.4), (2.5), (2.9), (2.10), and

(2.11) yields the following expression for the detectivity

*c T 1 /2
D* = . (2.12)

The background optically generated carrier concentration can be

obtained from equation (2.6) with OB' the background photon flux,

taking the place of 0so

opt = nBT/d " (2.13)

For Popt>>pth , substitution yields the well-known background limited

expression, namely

D* M X Bi/1 (2.14)

5. Detector Backgrounds4..

The level of background radiation against which an infrared

source is viewed has a profound effect in controlling the resis-

*O tance of extrinsic detector as well as the background noise

* 5
,p
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engendered by the detector. The background flux density received

by the detector depends on its angular view of the background and

on its ability to respond to the wavelengths contained in this

source. In terms of its relative spectral responsivity, R, referred

to its peak wavelength, it may be written as

R Q(A,T) dX (2.15)B 7r P fp RI T'

where Q is the detector's solid angle view of the background, X
p

the wavelength of peak response, and Q(A,T) is the spectral distri-

bution of the background source. For a "black-body" background,

Q(A,T) is the Planck's spectral distribution function given by

Q(A,T) = 2nc (2.16)
X' [exp(hc/XkT)-l1

For a normal cone with angle 6

= w Sin (e/2) . (2.17)

Thus, for an ideal detector, where R is proportional to X and the

wavelength of peak response corresponds to the cut-off wavelength,

Ac , the expression for B becomes

= Sin2 ( (X/2)J Q(X,T)d . (2.18)

Xc is given by Xc=(1. 240/AE)pm where AE is the ionization energy of

the infrared acceptor level.

For the low-background environment of space, the optics of

conventional telescopes used to collect the infrared signal and to

image it on the detector also make a background contribution. How-

ever, this may be reduced significantly by using a cooled optics

system. The natural background contributions in a space environ-

ment include zodiacal dust radiance, atmospheric emission, and

charged particle radiation.4'5  Thus, low radiant backgrounds

encompassing a range from 10 -101 photons cm s may be

encountered.

6 h
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SECTION III

CALCULATION OF D* AND R

This section contains a detailed analysis of the three
impurity (Ga, B, Donor) silicon systems, illustrating the inter-

action between detector temperature, flux level, residual boron

concentration, and compensating impurity concentration.

The free carrier concentration obtained under steady state

conditions is given by the detailed balance of generation and

capture processes. The processes we take into account are the

optical generation, gopt' the thermal generation, gth' and the

capture of carriers, C, from the valence band. The generalized

-v *p-type extrinsic silicon detector will consist of a principal

detecting acceptor (in this case gallium), shallower acceptor

levels and a compensating donor concentration, as shown in

Figure 1 for the system under investigation.

The rate equation for the ith acceptor level, when in a

steady-state equilibrium with the valence band, can be written as

. dNOidN = C. - - g 0 (3.1)

4X Ci th~ i opt i

The optical generation rate gopt , is given by integration over

the incident photon flux, f(X),

= 1o t 71iL(,X) (X) d. 01 (3.2)
gopti =1 f

where *(A) consists of a constant background fB('() and signal flux

•(X). For weak absorption, wh. leads to a uniform generation

rate across the detector, equation (3.2) reduces to

gopt Ni f ai)(X)d (3.3)
0

= Nca>i (3.4)

7
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Figure 1. Schematic diagram of energy level system
for Si:Ga photodetector.

8



-~~~~~~7 7T -C77jL.- ~'x

With the usual expression of Shockley-Read-Hall (SRH) statistics
6

for thermal generation and capture of free carriers, equation (3.1)

may be written as

N<00>. + N.B.N exp ' g~N 35l Ii v HE pg 1  35

In equation (3.5), p is the free carrier concentration, Nv is the

effective density of states in the valence band6'7  and Ni, git and
Bi are the ionized acceptor concentration, the degeneracy factor

and the hole capture coefficient for each impurity species i. With
Ni N 0+N equation (3.5) may be rewritten in the form

N n gip . (3.6)

" + -Ei/kT
e B i

Using the charge neutrality condition

p + N - N, (3.7)D i

equation (3.6) can be written as

p + ND M (3.8)
D 1+ gip

-Ei/kTive +Bi

By defining

-v <00>Ga(39.-. Ga - - exp (-ZGa/kT) + -- >G (3.9)

gGa gGaGa

a " gB exp (-B/kT) + <B BB (3.10)

.99
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equation (3.8) can be recast, for a two-level system, as

p 3 + p 2 (N +a +a ) + p[a a -a (N -N )-a (N -ND)]D Ga B B Ga Ga Ga D B B D

+ GaB[ND-NB-NGa] =0 , (3.11)

PN& which is most easily solved iteratively using a computer.

On inspecting equations (2.3) through (2.7) in Section II
it can be seen that the current responsivity may be expressed as

de)ipsE
R =(3.12)

"he

where p5 is the free carrier concentration generated by the signal

and may be expressed as

ps = P(s + B) - P(OB (3.13)

Assuming that *s«*B ,p is obtained as

. (3.14)

Substituting equation (3.14) back into (3.12) gives for R

f.ic. R = . (3.15)

Similarly, we may obtain an expression for D* in terms of

(ap/3a)B by starting from the equation

D* = hcX*5  . (3.16)

The detector signal current 1 is given by

,"." I s  A' eE (s' 3.17)

and the noise current, IN , and background current, IB , by equations

(2.10) and (2.11) respectively. For a compensated detector with

a single IR activity impurity, G-PTE/k. However, for the multiple

IR active impurity case discussed here, the photoconductive gain

is determined as follows. The photoconductive gain is the

10
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ratio of the number of electrons per second flowing through the

N detector per photon absorbed in it. Thus,

G = Is/e = A ' E
. (3.18)Ani s  An

Substituting the above expression for G into the equation for I.,

we obtain

2  I / (3.19)

Thus, by solving equation (3.11) for p at various temperatures and

taking the derivative of equation (3.8) with respect to the photon

flux, to give

Ni gi p i/Bi

1 + 1Nv 1-i+ E-2 r-.i/kT 00 l

[ Nv~e' + B J
d - (3.20)
do [ 1 Ni gi

e -i'/kT O i  + B

B i

we may calculate both R and D* as functions of temperature.

In the derivations of equations (3.15), (3.19), and (3.20)

several simplifying assumptions have been made. Firstly, we have

• 'assumed that even for the low background environments of space

the signal photon flux, Os , is still much less than the background

photon flux, *B ' thus making the detector background limited in its

performance. Secondly, in order to differentiate equation (3.8)

with respect to the photon flux, we have made the assumption that

the majority of the radiant background is absorbed at the peak of

the absorption cross-section of the impurity

% This is in fact a worst-case scenario and yields values for R and

D* at the peak wavelength of response.

ez11



SECTION IV

RESULTS AND DISCUSSION

To investigate the behavior of p and dp/d with doping,

temperature and background, we shall consider the specific case

* shown in Figure 1. Here the gallium is the intentional IR active

dopant, present in a concentration of 5x10 6cm -3  The residual

boron concentration is varied between lxlO11cm 3 and ix101 3cm 3

and the background photon flux level is ix108 photons cm-2s - .

The resulting carrier concentration as a function of reciprocal

temperature, for the N B=lxlO 13cm-3 case, is shown in Figure 2 for

under, equal, and overcompensation of the boron level. The
corresponding variation in dp/do with temperature is shown in

Figure 3. It is clearly evident from the four plots in Figure 3

that there are several distinct regimes of behavior in the dp/dO

versus T plots.

In order to gain a measure of understanding of the dp/do

plots presented in Figure 3 one needs to examine the temperature

dependence of both the carrier concentration and the ionized

-. impurity concentrations. At liquid helium temperatures, with no

background flux present, one assumes that all of the donors are

ionized ND=ND . It therefore follows that for the case of over-

compensated boron the ionized gallium concentration will be given

by NG=ND-NB, with N-=N Conversely, if the boron level isGa D B Bequally or under compensated then NB=ND and Na=O. However, in

the presence of background radiation this situation is modified

in the following manner. Firstly, holes on both gallium and

boron are photoexcited to the valence band from which they may

recombine a- . :her ionized boron or gallium. Since the value ol

/B.Ls app .x.mately the same for both levels, NT/N is also

approximatcly the same. This means that N B-NGa because NGa N

Consequently, the compensation, which originally resided predom-

inantly on boron in the absence of radiation, now shifts to

gallium, so that at very low temperatures, NG ND We define low
temperatures to be below the temperature for significant thermal

12
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Figure 2. Plot of calculated carrier concentration versus recip- ",,
rocal temperature for the three cases of (a) under-
compensation, (b) equal compensation, and (c) over-
compensation of the boron level..
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depopulation E *lie boron level, i.e. T,14K. This effect can

be seen in Figure 4, for the NB=N D=1013cm-3 case, which shows

ionized acceptor concentration as a function of reciprocal

temperature.

As the temperature is increased holes are first thermally

*depopulated from boron to the valence band, since the thermal

activation energy for boron, 45 meV, is less than that for

gallium, 72 meV. Holes in the valence band are now captured by

ionized gallium rather than by ionized boron. This is due to

the fact that a hole captured by boron will be rapidly thermally

reemitted to the valence band. Therefore, at approximately 19K

there is a maximum in the neutral gallium concentration. This

leads to higher photoconductive lifetimes since ionized gallium

is the principal capture center for holes. This behavior is

seen as a dip in the ionized gallium concentration in Figure 4.

With these previous considerations in mind we can interpret

the four plots in Figure 3. In each case the very low temperature

regime is determined by the compensation residing on the gallium

level, NG=ND. Therefore, if we keep N constant, the photocon-

ductive lifetime will be the longest for material with the lowest

donor concentration, as is evident from Figure 3. For T Il4K the

response is proportional to 1/N D  As the process of hole emission

from boron and subsequent capture on gallium proceeds for T>14K,

the photoconductive lifetime improves and the responsivity

increases. Eventually at higher temperatures all of the boron
is ionized and no longer acts as an effective capturing center

owing to the high probability of thermal reemission of holes from

this level to the valence band. Beyond about 30-40K both gallium

and boron are strongly thermally depopulated which drastically

reduces the photoconductive lifetime. In Figure 3 this corres-

ponds to the sharp fall-off in the responsivity for T>40K.

Figure 5 shows the response for detectors with N B=il0 11cm 3

and same compensation ratios as in Figure 3. Qualitatively the

same behavior is seen here as in Figure 3 except that the response

in Figure 5 is higher owing to the two orders of magnitude

.be
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reduction in the density of donors. Therefore, the compensation
of the gallium level is lower with concommitant beneficial in-

crease in photoconductive lifetime. With the reduction in boron

and donor density one also sees that the effects of thermal

.- depopulation of gallium levels produces a rolloff in responsivity

at lower temperatures T>30K in Figure 5 than in Figure 3 T>40K.

"* The cause of this effect is clearly shown in Figure 4 which gives

the ionized impurity cases for the 1013 case at equal compensation.

In Figures 3 and 5 the onset of significant rolloff in responsivity

occurs when the number of thermally emitted holes exceeds the num-

ber of compensating electrons. Therefore, the temperature at

which the rolloff effect manifests itself is higher for the higher

boron and donor concentration case, but the magnitude of the

response is lower.

Figure 6 collects the responsivity curves for three boron

concentrations at equal compensation. Clearly, the best response

is seen at 19K for the lowest boron doped sample. In going from

NB=013 to 10 11cm -3 the response is seen to increase by the factor

of 16. Given the simultaneous increase in mobility with less

- residual boron the actual advantage could be as high as 1600.

This assumes the mobility to be limited by the ionized impurity

scattering which is proportional to 1/N .

Figure 7 shows peak responsivity for three boron concentra-

9. tions as a function of compensation ratio. The most important

feature of these graphs is the overall increase in responsivity

with decreasing boron content. This can be understood as simply

being due to an increase in carrier lifetime as a result of the

lower donor concentration in the lower boron concentration material.
IN. The second notable feature of these plots is the gradual broad-

ening of the responsivity peak at equal compensation. The sharp-

ness of the peak is related to the extent of transfer of compen-

sation from gallium to boron. For the case of high boron concen-

tration, in Figure 4, we see that holes from gallium, which are
excited to the valence band, recombine at ionized boron while

boron itself is also emitting holes thermally to the valence band.

These constitute two competing processes of filling and emptying

the boron level. For the lowest boron concentration samples the

18 1N
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rate of population is greater than the rate of depopulation, so

that the ionized boron concentration never quite equals the donor

concentration. This is primarily due to the fact that the ratio

of boron to gallium is low for low boron samples. On the other

hand for high boron samples the ratio of boron to gallium is

higher, causing the ratio of holes emitted to the valence band

by boron to those of gallium to be higher. Thus boron is more

effective in shedding its holes in the latter case which has the

effect of shifting the compensation from gallium to boron.'

For high boron samples, the exactly compensated case is unique

in that the transfer of compensation from gallium to boron is com-

plete. This in turn produces a distinct peak in dp/dO vs. K=N D/NB

plot at K=l. In the low boron case since the transfer of compen-

sation is never complete, equal compensation is not distinguished

from Kul cases as much, so one does not obtain a distince peak at

K=l. The boron concentration at which this latter effect occurs

is influenced by the ratio of a./B. for gallium.

Figure 8 shows the calculated detectivities for N B=1013 and

Figure 9 for N B=011 with varying compensation ratios. In every
case D* is relatively flat until a characteristic tenoerature where

the thermal noise from a rapidly depopulated level produces a

sharp rolloff in the detectivity vs. temperature curve. For

undercompensated samples the rolloff occurs at lower temperatures

since uncompensated boron is the source of the thermally generated

holes. For overcompensation one must wait till higher temperatures,
where gallium is thermally depopulated, for the rolloff to occur.

The flat portion of the curves results from signal increasing at

the same rate as the noise. As explained with reference to Fig-

ures 1, 2, and 3 the signal increases with increasing temperature

due to the increase of photoconductive lifetime for T<20K. But as

the photoconductive lifetime increases so does the concentration of

thermally and optically produced holes. These holes give rise to

the generation-recombination noise. Therefore, as signal increases

the noise increases at the same rate and the detectivity is constant.
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Figure 10 compares the detectivities for the three cases

N =N =1011, N =ND=10 13, and N,=!011 with N /N =5.0. For equal
BDB D B D B

compensation there is a 25% advantage for the low boron material

in the detectivities at approximately 15.5K at the same time there

is also a 2.5K advantage gained in the operating temperature of
the detector. Overcompensation of the boron level increases the

operating temperature of the detector still further by approxi-

mately another 2.5K. However, such an increase is only obtained

46. at the expense of reduced responsivity.

With reference to Figure 7 the overcompensation of low boron

material still results in higher responsivities than for equal

compensation in high boron material. Furthermore, the uniformity

of response will be better for the former than for the latter case.

Since in the former one is on a gently sloping portion of the

dp/do vs. N IN curve and the latter on a highly peaked portion,
D B

small nonuniformities in the compensation ratio result in large

differences in responsivity across a detector. In Figure 11 one

can see that for a ±10% variation in the compensation ratios,

K=N D/N , the responsivity varies by as much as ±60% around K=1

for the high boron concentration material. The corresponding

variation for the low boron case is only about ±15%. In overcom-
pensated samples, K>>l, one expects approximately ±15% variation

in responsivity for ±10% variation in K.

The uniformity of response is the most critical parameter in

high density detector arrays. With present-day materials, the

manufacturer is often forced to trade high response for increased

uniformity by greatly overcompensating the materials. By using a

purer starting material, however, dramatic improvements in uniform-

. ity are consistent with high responsivity as shown graphically in

Figure 11.

We also note that lower boron samples will require less
neutron transmutation doping in order to achieve optimum compen-

sation. The benefits accrued from reduced processing consist of

less lattice damage, which also leads to higher carrier lifetimes

and mobilities.
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k 7;

Fewer compensated centers, i.e. reduced concentrations of

ionized boron and phosphorus, make the device more radiation hard

due to the reduction in the so-called Kolbesen effect. When a

high energy ionizing radiation passes through the detector it

produces electron-hole pairs. The electron can fall into the

empty donor level and the hole into an empty acceptor level.

These levels are now free to respond to the incident signal radia-

tion. Given the fact that boron and phosphorus respond at a

different wavelength than gallium the resulting response is

unwanted and constitutes a spurious signal proportional to the

ionizing radiation. With less boron and phosphorus these effects

are minimized.

I,..
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SECTION V

CONCLUS IONS

We have modelled the behavior of extrinsic p-type Si:Ga

photodetectors for low background applications. Based on the
results of our calculations presented in Section IV, we conclude

the following.

Large improvements in the long wavelength, low background

performance of IR detectors would be realized if material with a
reduced concentration of shallow impurities was used in their

manufacture. The radiation hardness, responsivity, and the tem-
perature dependence of D* are all superior in the purer material.

Though not shown explicitly in this analysis, the total system

D* (i.e. signal to noise ratio), which includes the electronics
that handle the detector signals, is expected to be dramatically

improved because the detectors will produce more signal and the
electronic noise should be constant. The purer starting material

gives a great deal more "elbow-room" in device design and processing
as shown by several figures. For example, it is seen in Figure 7
that as more compensation is added to improve uniformity, the .5

resultant responsivity is flatter as a function of compensation

and also much higher. Therefore, more sensitive focal planes will
be available that are also far more uniform in response across the

array.

The optimal compensation ratio for maximum responsivity for
N =1013 and 1012cm-3 material is N D/N.=1. In this regard these

detectors behave similarly to Si:In detectors with NB=1013-10 14cm - 3

B %.
in high background situations. 9  The very low boron material,
N =10 11cm - 3 , proves an exception to this rule with increasingB
responsivity for undercompensation, but with deleterious effects

on detectivity. For all three boron concentrations at equal com-

pensation the responsivity is a strong function of temperature
and peak responsivity is achieved only over a very limited temper-
ature range, i.e. 19-20K. Also for the case of N,=1013 and

1012cm"3 the peak responsivity is a strong function of compen-

sation ratio. The peak responsivity increases by a factor of four

i ~28
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in going from N B=1013 to N,=10 2cm-3 material and by another fac-

tor of four in going from N B=1012 to N B=011cm- 3 material at

equal compensation. In addition, a reduction in the boron con-

centration is accompanied by a proportional increase in carrier

mobility, so that the actual gain in responsivities could be as

high as 1600 in going from N,=l03 to N,=101cm material. From

a processing point of view a low boron concentration is also

desirable since the material-will require less transmutation doping

by neutron irradiation, thus producing less damage, longer life-

times, and higher mobilities.

Our results for detectivity variation with temperature indi-

cate that-overcompensation of boron with phosphorus should be done

in the ratio of N D/N B=2. This ratio achieves the desired increase

in operating temperature of the detector with the least possible

concentration of phosphorus. We predict that these detectors will

have an operating temperature as high as 18K. Overcompensation

by an amount of phosphorus greater than 2X does not improve the

BLIP temperature or the value of detectivity while it leads to a

reduction in responsivity, but it may still be necessary in spe-

cific cases to reduce effects from spatial nonuniformities in the

residual impurities.

If one were to seek maximum responsivity, which occurs for
ND/NB near unity, there is a distinct advantage in using the lowest

9; B11 3
possible boron content. The detectivity of the NB=10 cm detec-

tor is 25% larger than that of the NB=101 3cm-3 detector and with aBa

2.5K higher operating temperature.

This analysis, it should be noted, gives the "localized"

response of a material. That is to say, in a complete detector

structure contact effects and space charge can be important fac-
tors which in low backgrounds may in some cases dominate device

behavior. These parameters will be considered in future modeling

analyses. Initial results, however, indicate that a purer, which

means a lower concentration of shallow impurities, material will

contribute to reduced space charge and other irregular effects

observed in device structures.
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